Exposure of living cells to U.V. radiation can have mutagenic or lethal consequences arising mainly from photochemical daniage to their genomic DNA molecules [I]. However, the nature and extent of the photorcactions that occur in DNA depend markedly on the wavelength of the incident radiation. Photons in the U.V. C region (below 290 nm) undergo direct absorption by DNA and lead predominantly to the formation of pyrimidine cyclobutane photodimers and bipyrimidine (6-4) photoadducts; at these wavelengths there is no definitive evidence for any modification to its guanine bases [ I]. This contrasts with the effects of photons in the U.V. A region (320-400 nm) which can damage DNA through the agency of exogenous and endogenous photosensitizer molecules 121. In this case, and particularly when photodynamic reactions involving oxygen occur, guanine is the major target and the pyrimidine bases are much less reactive. Depending on the irradiation conditions, photons in the U.V. B region (290-320 nm) can interact with DNA either directly o r through photosensitization mechanisms and the distribution of photoproducts will vary accordingly. The effects of U.V. B radiation are currently of widespread interest as these wavelengths correspond to the highest energy photons in the solar radiation reaching the earth's surface and they are invariably associated with harmful biological effects. Depletion of the stratospheric ozone layer threatens to increase the intensity of U.V. B radiation in the terrestrial environment.
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Modern gel-sequencing techniques provide very sensitive and informative means of assessing the nature and the extent of photodamage produced in DNA by U.V. radiation [3] . This communication reports studies where photodamage to guanine bases in synthetic oligodeoxyribonucleotides has been examined first after photosensitization with acetone at U.V. B wavelengths, and secondly after exposure to U.V. A radiation in the presence of riboflavin.
Small volumes ( = 30 pi) of samples dissolved in 10 mMsodium phosphate buffer, pH 7.0, were contained in plastic wells and irradiated from above. The U.V. B source was a VL-ISM tube lamp (from Vilber-Lourmat) having peak emission at 3 12 nm and the U.V. A source was a TL20W/OX black light (from Philips) emitting maximally at 350 nrn; incident intensities were measured with a 5-221 U.V. meter (from Ultraviolet Products, Inc). Oligonucleotides were synthesized with an Applied Biosystems Model 380B automated DNA synthesizer, purified by gel electrophoresis and labelled wtih jZP at the 5'-end by the action of polynucleotide kinase. Standard protocols were used for chemical sequencing of DNA by the Maxam-Gilbert method 141. U.v.-irradiated oligonucleotides were cleaved at baselabile sites by treatment with 1 .O M-piperidhe at 90°C for 30 min. The sequencing gels (40 cm) contained 20% polyacrylamide and 7 M-urea and were recorded by autoradiography.
Triplet photosensitization of DNA with acetone promotes very efficient photodimerization of thymine and cytosine but has also been reported to produce alkali-labile sites at guanine residues [ 51. This finding was confirmed by irradiating the 3'P-end-labelled synthetic oligonucleotide d(A,G), in 20"/0 acetone at U.V. B wavelengths. (This sequence was chosen to avoid complications from the formation of pyrimidine photoproducts and to compare the relative photoreactivities of the two purine bases.) Samples exposed to incident doses of 2.5. 10 and 20 kJ/m' of U.V. B showed no evidence of direct DNA chain cleavage after irradiation. However, subsequent heating with piperidine produced cleavage fragments with electrophoretic mobilities identical to those generated by the guanine-specific reaction of Maxam & Gilbert 141. There was minimal cleavage at adenine residues under these conditions in sharp contrast to the effects of U.V. C radiation (254 nm) on this oligonucleotide where direct absorption produces major base-labile lesions at adenine residues. The nature of the photodamage to guanine residues caused by U.V. B plus acetone remains to be established but it is pertinent to note our recent finding [6] that 2'-deoxyguanosine can be transformed into 8-( 2,3,4-trihydroxybuty1)guanine by acetone photosensitization.
"P-end-labelled d(A,G), was also used as a model to investigate the photolesions induced by exposure of DNA to long wavelength U.V. A radiation (50 kJ/m2) in presence of the endogenous photosensitizer riboflavin (50 p~) .
Although this treatment did not result in frank chain breaks. subsequent heating with piperidine again revealed that baselabile lesions had been produced at the sites of guanine residues, whereas the adenines were virtually unaffected. A series of experiments was then conducted to elucidate whether photo-oxidation of guanine was occurring under these irradiation conditions. Samples of d(A,G), containing riboflavin (50 p~) were irradiated with U.V. A (SO kJ/m?) in the presence of the following reagents at the indicated concentrations: sodium azide ( 10 m M ) , 1,4-diazobicyclo[ 2.2.21-octane (DABCO; 25 mM), sodium benzoate (10 mM), mannitol (10 mM), superoxide dismutase (300 units/ml). Gelsequencing analysis showed that the superoxide dismutase and the hydroxyl radical quenchers sodium benzoate and mannitol had n o observable effect on the pattern of photodamage. However, both the singlet oxygen quenchers, sodium azide and DABCO, effectively prevented the formation of any base-labile photolesions at guanine sites. The observed dramatic reduction in photoreactivity implies that singlet oxygen is mainly responsible for the U.V. A/riboflavinsensitized damage to guanine; there is no evidence to implicate hydroxyl radicals or the superoxide anion.
When a 5'-end-labelled 34-mer, 3?P-CCCAGTAGATTC-GTGACAAAGCCGCATAACCTCC-3'. was irradiated with U.V. A and riboflavin (under the same conditions as above) it showed similar behaviour to d(A3G),, i.e. chain cleavage was only evident after heating with piperidine and was heavily concentrated at guanine sites. However, when the 34-mer formed a base-paired duplex with its complementary strand the sensitivity of guanine t o selective photomodification was greatly reduced.
